ABSTRACT: Cultivar characterization for fruit trees certification requires fast, efficient and reliable techniques. Microsatellite markers (SSR) were used in the molecular characterization of 29 Prunus spp. rootstocks. The DNA from the rootstocks was analyzed using five pre-selected SSR primers (UDP96-005, UDP96-008, UDP96-013, UDP96-18 and UDP98-414) and revealed 81 alleles, which allowed each genotype to be identified. The UDP96-005 marker generated the most information, i.e., 23 well-distributed, polymorphic alleles among all genotypes. The 21 polymorphisms produced by UDP96-013 occurred mainly as a result of high degree of variability among genotypes of the Prunophora subgenus. In the dendrogram, the five markers allowed the 29 rootstocks to be grouped into subgroups corresponding to the subgenus they belong to, either Prunophora or Amygdalus. Suitable cophenetic correlation coefficient (r=0.82) and good bootstrapping fitting value among the Prunophora subgroup cultivars were obtained. SSR markers proved to be efficient and reliable for the molecular characterization of Prunus spp. rootostocks. Foram obtidos valores adequados para o coeficiente de correlação cofenética (r = 0,82) e de "bootstrapping" entre os cultivares do subgrupo Prunophora. Os SSR são eficientes e confiáveis para a caracterização molecular de porta-enxertos de Prunus spp.
INTRODUCTION
In Brazil, stonefruit trees are produced by grafting cultivars onto self-rooted rootstocks, obtained from seeds collected at preserves companies, without any genetic warranty of the material that undergoes the multiplication process. In countries with greater tradition in the production of fruits and fruit trees, most rootstocks come from a clonal source and possess high health and genetic quality. In this process, the objectives of genetic certification are to describe and recognize the plant material in every step of production.
Until recently, the discrimination of varieties was based on morpho-phenological evaluation (Sansavini, 1998) . However, several factors act to limit this type of analysis since many characteristics are subjectively interpreted and, because they suffer influences from the environment, it is difficult to identify genotypes correctly (Vinatzer et al., 1999) . In addition, many characteristics can only be recorded when a plant reaches the adult stage or after fruiting (Weeden & Lamb, 1985) .
Because of their greater speediness, efficiency and reproducibility, the use of molecular markers based on Polymerase Chain Reaction (PCR) has been the choice in genetic studies of plants and in preparing fingerprinting for many fruit species. These markers can be used for varietal control allowing a plant to be identified at any stage or vegetative cycle (Sansavini, 1998) , and can solve cases involving plants with uncertain names and sources (Filippetti et al., 1999) . One area for the potential application of fingerprinting is the identification of rootstocks. Landry et al. (1994) and Autio et al. (1998) working with apple trees, and Lu et al. (1996) analyzing rootstocks of the Prunus genus, verified that the use of molecular techniques is suitable for identifying rootstocks, since these are either multiplied in the nursery or grafted, providing a reduced number of characteristics, thus making the identification of the material a difficult task.
In this work, microsatellite markers (SSR) were used in the characterization of 29 Prunus spp. rootstocks, aiming to produce a molecular standard which could provide a warranty of genetic identity during the multiplication stages.
MATERIAL AND METHODS
Twenty-nine Prunus spp. rootstocks from several species were utilized and among them, 13 came from a hybrid source (Table 1) .
The molecular analyses were conducted in Bologna, Italy, from December, 2000 through May, 2001. The total DNA was extracted from a 50-mg, freeze-dried sample of young leaves, as described by Mulcahy et al. (1993) , with modifications proposed by Bianchi et al. (2002) . After treatment with RNAse, the DNA samples were diluted to a final concentration of 50 ng µL -1 , in sterilized water. Nine pairs of microsatellite primers (UDP96-001, UDP96-003, UDP96-005, UDP96-008, UDP96-013, UDP96-018, UDP98-407, UDP98-412, and UDP98-414) were analyzed, and sequences are described in Cipriani et al. (1999) . The amplification reactions were conducted in a MJ PTC-100 thermocycler in a 25 µL volume containing 10 mmol L -1 Tris-HCl pH 9.0, 50 mmol
-1 of each primer, 0.1U Taq polymerase (Pharmacia) and 50 ng genomic DNA.
The program used in the PCR reactions consisted of one cycle at 95°C for 5 min, 35 cycles at 94°C for 45 s; 57°C for 45 s and 72°C for 45 s, followed by a final cycle at 72°C for 8 min. In the reactions with primers UDP96-005 and UDP96-008, an annealing temperature of 59°C for 45 s was utilized. After PCR, 10 µL of a denaturing solution (98% formamide, 10 mmol L -1 EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol) were added to each tube, followed by thermal treatment at 95°C for 5 min. Of the amplified samples, 4.5 µL were applied in a 6% polyacrylamide gel, in 1X TBE buffer. The electrophoresis was conducted at 9 V cm -1 for 2.5 hour. Gel staining was performed with silver nitrate as described in the Silver Sequencing Promega Manual (Promega, Madison, Wisconsin, USA).
The products of SSR amplification visualized in the gel were recorded with regard to the presence (1) or absence (0) of bands to obtain a similarity matrix calculated by Lynch's coefficient (Lynch, 1990) . To visualize the way cultivars were grouped, the dendrogram was prepared using the Unweighted Pair Group Mean Average method (UPGMA), and the software NTSYS.pc version 2.1 (Rohlf, 2000) was used to that effect.
RESULTS AND DISCUSSION
All nine microsatellite primers were polymorphic; however, only five, UDP96-005, UDP96-008, UDP96-013, UDP96-018 and UDP98-414, were used in the joint analysis of the 29 rootstocks, which revealed a total of 81 alleles, sufficient to characterize all genotypes. The UDP96-005 marker was the most informative revealing 23 polymorphic alleles distributed among all genotypes. UDP96-013 revealed 21 polymorphic alleles determined especially by genotypes of the Prunophora subgenus (Marianna 2624, Myrabolan 29C, Damas GF 1869 and the Mr. S. series rootstocks).
Fourteen polymorphisms were obtained with UDP96-008 marker ( Figure 1A ), while UDP96-018 (Figure 1B) and UDP98-414 markers produced 12 and 11 polymorphisms each, respectively. The polymorphisms obtained with these three markers had a greater contribution from the interspecific hybrids. For the conditions under which the PCR reactions were conducted, the number of amplified alleles (bands) in each genotype was between one and two with UDP96-018 and UDP98-414 markers. With UDP96-005, the number of amplified alleles was between one and two, with the exception of cultivar Mr. S. 1/14, which presented three alleles. Four amplified alleles were recorded with UDP96-013 for cultivar Mr. S. 2/5 and three for cultivar Mr. S. 2/8. Even though the Mr. S. series rootstocks are classified as belonging to the species P. cerasifera, obtained from Myrabolan seedlings (diploid), one of them, Mr. S. 2/5, revealed to be a pentaploid cultivar when the chromosomes were counted. According to Loreti & Massai (1999) , this possibly occurred as a result of pollen contamination from other species or through the occurrence of ploidy, thus explaining the presence of a greater number of alleles for the same locus in that rootstock of this serie.
The band pattern obtained for P. persica cultivars, analyzed in this work, is according to the size (in base pairs-bp) of microsatellites sequenced from two peach tree genomic libraries [P. persica (L.) Batsch cv. Redhaven], reported by Cipriani et al. (1999) . From the 29 rootstocks analyzed, the amplified fragments were between 130 and 165 bp for UDP96-008, 235 and 280 bp for UDP96-018, 127 and 170 bp for UDP98-414, 102 and 170 bp for UDP96-005, and 75 and 205 bp for UDP96-013. The largest scope in microsatellite size was recorded with UDP96-013 marker, through which Mr. S. 1/8, Mr.
S. 2/8 and Mr. S. 2/5 rootstocks shared a band of approximately 75 bp, while the band with the highest molecular weight was 205 bp for GF 386 rootstock. With UDP96-005, the band with the smallest molecular weight was observed in P. capuli (approximately 102 bp), while the largest was observed in Montclar cultivar (172 bp).
A suitable fit between the similarity matrix and the dendrogram was observed (Figure 2 ), since the cophenetic correlation coefficient (r) was 0.82. The dendrogram constructed with data from the five primers allowed the 29 rootstocks to be clearly separated. The best separation of rootstocks in the dendrogram occurred among cultivars belonging to the Prunophora subgenus, consisting basically of four species: P. ceracifera, P. munsoniana, P. domestica, and P. spinosa. For genotypes of those species, concordance was verified to exist between the groupings and the genealogical data described by Loreti & Massai (1999) . The genetic similarity was 0.97 between Marianna 2624 and Myrabolan 29C, and 0.94 for Mr. S. 1/8 and Mr. S. 1/14. Within this group, suitable bootstrapping values were also obtained between Marianna 2624 and Myrabolan 29C (0.98), Mr. S. 1/8 and Mr. S. 1/14 (0.84), and Mr. S. 2/5 and Mr. S. 2/8 (0.54).
Among the rootstocks belonging to the Amygdalus subgenus, it can be noticed that based on data of only five SSR primers, the grouping of some rootstocks (Figure 2 ) did not show concordance with the genealogical data, especially for the genotype of P. persica Pavia Moscatel cultivar, and for Flordaguard and Nemared hy- brid cultivars, which were grouped relatively far away from the other rootstocks of the same species or of the same hybrid class, respectively. Among the cultivars in the Amygdalus subgroup, the highest genetic similarity indices were recorded between rootstocks Nagano Wild and Kutoh (0.99), Sirio and IS 5/23 (0.98), and between Sirio and IS 5/29 (0.95). These similarity indices result from the common genetic source of those rootstocks, the first group being of Japanese origin, while the second and third groups were both originated from the free pollination of GF 557 cultivar, a hybrid genotype of P. amygdalus × P. persica. Among rootstocks in the Amygdalus subgenus, Sirio and IS 5/23 showed the highest bootstrapping value (0.83), followed by Nagano Wild and Kutoh (0.72).
Even though the use of only five microsatellite markers was sufficient to obtain polymorphisms for the discrimination of 29 rootstock cultivars, to study genetic variability and to obtain a grouping that was more appropriate to the respective genealogical data for these genotypes, it is necessary to use a larger number of primers to impart greater authenticity to the use of molecular markers if the objective is to make inferences about the genetic variability of those materials. Rootstocks of the Prunus spp. genus can be genetically characterized by microsatellite markers. 
